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(57) ABSTRACT

A device for recording an absorption spectrum of a fluid has
a radiation source (1) that emits a radiation 1 a spectral
range along a beam path (11), a measuring path (35), along
which the radiation passes through the fluid and arranged in
the beam path, a tunable Fabry-Perot interferometer (7),
arranged 1n the beam path and transmaitting radiation 1n the
spectral range as a displaceable bandpass filter, and a detec-
tor (9, 35) measuring the intensity of the radiation in the
spectral range. An etalon (3) 1s arranged for spectral modu-
lation of radiation 1n the beam path and has a plurality of
transmission maxima (17) 1n the spectral range. The band-
pass filter, formed by the Fabry-Perot interferometer (7), 1s
displaceable across the spectral range such that spectral
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DEVICE AND METHOD FOR FAST

RECORDING OF AN ABSORPTION

SPECTRUM OF A FLUID USING A
PLURALITY OF ETALONS IN

COMBINATION WITH A TUNABLE
FABRY-PEROT INTERFEROMETER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a Umited States National Phase appli-
cation of International Application PCT/EP2013/057112
filed Apr. 4, 2013 and claims the benefit of priority under 35
U.S.C. § 119 of German Patent Application DE 10 2012 007
030.6 filed Apr. 5, 2012, the entire contents of which are

incorporated herein by reference.

FIELD OF THE INVENTION

The present invention pertains to a device for recording an
absorption spectrum of a fluid with a first radiation source,
which emits a radiation 1n a {irst spectral range along a first
beam path, with a first measuring section, which 1s arranged
in the first beam path and along which the radiation passes
through the fluid, with a tunable Fabry-Perot interferometer,
which 1s arranged in the first beam path and which can
transmit radiation 1n the first spectral range as a displaceable
bandpass filter, and with a first detector for measuring the
intensity of the radiation 1n the first spectral range, as well

as to a method for recording an absorption spectrum of a
fluad.

BACKGROUND OF THE INVENTION

It 1s often necessary 1n medical engineering to determine
or monitor the concentration of selected components of the
breathing air. For example, the concentration of the anes-
thetic gases being used 1n the breathing air 1s often measured
during each breath 1n case of anesthetized patients or the
alcohol content 1n the breathing air 1s measured when testing
automobile drivers. Spectrometric methods are used to
determine the concentration of the respective components.
As a rule, signals are recorded for this with discrete filters in
wavelength bands 1n which the gases have absorptions, and
compared with references. The concentration of the gas 1n
the breathing air can thus be inferred from the change 1n the
signals at these wavelengths, which are characteristic of a
certain gas.

A number of devices, with which the concentrations of
selected components of a fluid or of a gas, for example,
breathing gas, can be determined by absorption measure-
ments at selected wavelengths or even over a spectral range,
are known from the state of the art. Such devices have a
radiation source, which emuits radiation over a selected,
continuous spectral range. An optical bandpass filter, called
filter below for short, which limits the spectrum of the
radiation to a wavelength that 1s characteristic of a compo-
nent of the gas, whose concentration shall be measured, 1s
arranged between the radiation source and a measuring
section arranged downstream, 1n which the radiation passes
through the fluid. After the radiation has passed through the
filter and the measuring section, its intensity 1s measured
with a suitable detector. The concentration of the component
in the tluid can now be 1nferred from the attenuation of the
intensity compared to a reference measurement 1n a refer-
ence fluid, 1n which the concentration of the component 1s
known.

10

15

20

25

30

35

40

45

50

55

60

65

2

If the concentration of a plurality of components 1s to be
measured, a separate, suitable filter must be used for each
component. To determine the concentration of the various
components within a short time period, possibly during one
breath as a so-called measurement resolved for individual
breaths, the different filters are arranged on a so-called filter
wheel. A filter wheel 1s a rotating disk, which moves the
filters 1n a rapid sequence into the beam path between the
radiation source and the detector. This has, however, the
drawback that only a small number of components can be
analyzed, because a separate filter must be present for each
component, and the size of the filter wheels 1s limited. In
addition, the use of mechanical components 1s generally
disadvantageous, because these increase the amount of
maintenance needed and are prone to error.

A tull absorption spectrum can be recorded with the use
of a tunable Fabry-Perot interferometer, as 1t 1s described 1n
DE 10 2006 045 253 B3. A tunable Fabry-Perot interferom-
eter 1s arranged for this mstead of a filter in the beam path
between the radiation source and the detector. A Fabry-Perot
interferometer 1s a device that has two partially transparent
mirrors arranged in parallel to one another, whose reflective
coated mirror surfaces point towards each other. The dis-
tance between the mirror surfaces determines a narrow
wavelength range, which 1s transmitted by the Fabry-Perot
interferometer and for which the Fabry-Perot interferometer
1s permeable. The width of the wavelength range passed
through by the Fabry-Perot interferometer 1s called spectral
resolution and depends on the wavelength. The distance
between the mirror surfaces can be varied in a tunable
Fabry-Perot interferometer and the wavelength range that 1s
transmitted can thus be displaced. Thus, a Fabry-Perot
interferometer 1s a displaceable bandpass filter, whose width
corresponds to the spectral resolution of the Fabry-Perot
interferometer. If the absorption spectrum of a fluid 1s to be
detected completely over a selected spectral range, the
Fabry-Perot interferometer only needs to be tuned over the
selected spectral range.

In case of suitable coating of the mirror surfaces, a
Fabry-Perot interferometer may also be permeable for two
different wavelength ranges at the same time. It 1s conse-
quently possible to record the absorption spectra of the fluid
in both wavelength ranges simultaneously. A device for
recording an absorption spectrum of a tluid with the use of
such a Fabry-Perot interferometer 1s known from DE 10
2009 011 421 B3.

To determine the concentration of the individual compo-
nents of the flmd, the spectrum recorded by the detector
must be compared with a reference measurement. Lock-in
amplifiers are routinely used for this. A measured signal 1s
multiplied 1n a lock-in amplifier by a reference signal, and
the result of the multiplication 1s integrated in a low pass
filter. The lock-in amplifier consequently forms the cross
correlation between the measured signal and the reference
signal.

To make 1t possible to use a lock-in amplifier, the signal
sent by the detector and hence the radiation emitted by the
radiation source must, however, be modulated over time.
Modulation over time shall be defined here as a change 1n
the intensity of the radiation over time. This can be carried
out in the simplest case by switching the radiation source on
and ofl or by a chopper arranged downstream, which repeat-
edly interrupts the beam path between the radiation source
and the detector.

The absorption of selected components in the breathing
air 1s preferably measured at wavelengths between 2 um and
15 um. The broad-band radiation sources available in this
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wavelength range are usually thermal radiators. If these are
modulated electrically over time with a frequency of more
than 100 Hz that 1s necessary for measurements resolved for
individual breaths, the relative modulation of the intensity
depends strongly on the wavelength being considered, and
the modulation decreases from short wavelengths to long
ones. The intensity modulation decreases so strongly at
longer wavelengths in the spectral range between 2 um and
15 um at frequencies of 100 Hz and higher that 1t 1s no longer
suilicient for use with a lock-in amplifier.

Even though the use of a mechanical chopper 1s possible,
in principle, this 1s again a mechanical component, which
requires great maintenance efforts and 1s, moreover, dithcult
to miniaturize.

A similar problem arises when a photoacoustic or pyro-
electric sensor 1s used as the detector, because these two
types of sensors can only be used 1if the radiation has a
change 1n intensity over time.

SUMMARY OF THE INVENTION

Thus, an object 1s to modulate the radiation emitted by the
radiation source over the entire selected spectral range so
fast over time that a photoacoustic sensor or a pyroelectric
sensor arranged 1n the measuring section can be used as the
detector. Furthermore, one object of the present invention 1s
to modulate the radiation over time so fast that a lock-in
amplifier arranged downstream can be used to compare the
measured absorption spectrum with a reference spectrum.

The object 1s accomplished by a device that has a first
ctalon for the spectral modulation of the radiation, which 1s
arranged 1n the first beam path and which has a plurality of
transmission maxima in the first spectral range. Further-
more, the Fabry-Perot 1s set up for the bandpass filter formed
by the Fabry-Perot interferometer to be able to be displaced
over the first spectral range such that the spectral modulation
of the radiation by the first etalon can be measured as a
modulation over time of the intensity of the radiation by the
first detector.

The device has, first, a first radiation source, which emits
a radiation with a preferably continuous spectrum 1n a first
spectral range. For example, membrane radiators, which
have a continuous spectrum 1n a wavelength range between
2 um and 20 um, are suitable as the first radiation source for
determining the concentration of components of the breath-
ing air. High-performance helical radiators or other thermal
radiators, which likewise have emission in this spectral
range, may also be used as an alternative. The radiation
emitted by the radiation source 1s preferably collimated by
a lens array or a retlector and led through the device along
a first beam path.

The first measuring section arranged in the first beam path
may be, for example, a cuvette, 1n which the fluid to be
analyzed 1s accommodated.

An etalon shall be defined here as a Fabry-Perot interfer-
ometer, 1n which the distance between the mirror surfaces
cannot be changed or 1s not changed during a measurement.
For example, an uncoated, polished thin water, which con-
s1sts of silicon or germanium or contains mainly silicon or
germanium, may be used as the etalon. For example, metal-
coated or dielectrically coated waters, which are optically
transparent, or two coated or uncoated, parallel plates
located at spaced locations from one another, may also be
used as etalons as an alternative. It 1s also conceivable to use,
instead of an etalon, optical components, which have a
comb-like transmission or reflection, for example, certain
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plastic films or even cuvettes filled with a gas, where the gas
has a pronounced comb-like absorption.

The first etalon has a transmission maxima in the first
spectral range. A broad-band radiation, which passes
through the first etalon, thus undergoes subsequently a
spectral modulation, which 1s characterized by a change of
intensity minima and maxima specific of the etalon. Spectral
modulation shall be defined here as the dependence of the
intensity of a radiation on the wavelength or frequency. For
example, a silicon waler with a thickness of 100 um has 35
transmission maxima and just as many transmission minima
in the spectral range between 4 um and 5 um. The same
waler has 25 transmission maxima in the spectral range
between 8 um and 11 um.

It 1s conceivable that the first etalon 1s designed such that
at least some of the transmission maxima of the first etalon
comprise wavelengths that are characteristic of the compo-
nents whose concentration in the fluid shall be analyzed. The
concentration of components of the fluids that have only
narrow characteristic absorption lines can also be deter-
mined 1n an optimized manner in this way.

The first etalon 1s preferably such that the distance of the
transmission maxima 1s greater than the spectral resolution
of the Fabry-Perot interferometer in the first spectral range.
If the spectral resolution of the Fabry-Perot interferometer 1s
broader than the distance of the transmission maxima, this
leads to an undesired smoothing of the spectrum. In other
words, the ntensity maxima generated by the first etalon
appear broader and flatter when scanning with the Fabry-
Perot interferometer.

The surfaces of the first etalon are preferably not aligned
in parallel to the surfaces of the elements arranged 1n the
direction of radiation propagation directly in front of and
behind the first etalon 1n order to avoid additional undesired
ctalon eflects.

Furthermore, a Fabry-Perot interferometer, in which the
distance between the mirror surfaces can be set such that the
Fabry-Perot interferometer represents a displaceable band-
pass filter 1n the first spectral range, 1s arranged 1n the first
beam path. The bandpass filter formed by the Fabry-Perot
interferometer can now be displaced over the first spectral
range, prelerably continuously, such that the spectral modu-
lation by the first etalon 1s measured by the first detector as
a modulation over time of the intensity of the radiation. In
other words, the spectral modulation of the radiation by the
first etalon 1s rendered by the tuning of the Fabry-Perot
interferometer and displacement of the bandpass filter that 1s
associated with 1t into an intensity modulation of the radia-
tion over time. The transmitted wavelength and hence the
wavelength of the radiation can 1n this case be inferred based
on the known width of the Fabry-Perot interferometer at any
point in time.

If, for example, the Fabry-Perot interferometer 1s tuned
five times per second over the spectral range from the
shortest to the longest wavelength and back again 1n a device
with a first etalon made of a silicon water with a thickness
of 100 um, which has 35 transmission maxima and minima
in a spectral range between 4 um and 5 um, this corresponds
to an 1ntensity modulation of the radiation with a frequency
of 350 Hz. The same silicon waler has, for example, 25
transmission maxima and mimma 1n a spectral range that
comprises the wavelengths between 8 um and 11 um. Tuning
the Fabry-Perot interferometer five times over this spectral
range 1n both directions would thus correspond to an inten-
sity modulation of the radiation with a frequency of 250 Hz.

Furthermore, the device has a first detector, which 1s
arranged such that 1t can measure the intensity of the
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radiation after this has passed through the first etalon, the
Fabry-Perot interterometer, and the first measuring section.
The first detector may be, for example, a semiconductor
sensor, a thermopile, a thermal resistor, a pyroelectric sensor
or a photoacoustic gas sensor. The latter 1s preferably
arranged 1n the first measuring section.

Such a device 1s advantageous because it has no micro-
mechanical elements and it 1s nevertheless possible to modu-
late the intensity of the radiation with a frequency that is
suiliciently high for a measurement resolved for individual
breaths over a broad spectral range. Since macromechanical
components are omitted, the device operates almost without
wear, as a result of which the amount of maintenance needed
1s markedly reduced compared to devices known from the
state of the art and the service life 1s prolonged.

In a preferred embodiment, a first lock-in amplifier 1s
provided for determining the absorption spectrum of the
fluid from the radiation intensities measured with the first
detector. The lock-in amplifier forms the cross correlation
function between the measured signal sent by the first sensor
and a reference signal and represents an especially narrow
bandpass filter, which permits even slight deviations
between the measured signal and the reference signal to be
detected even 1n case of signals with a large noise compo-
nent. The lock-in amplifier makes 1t therefore possible 1n an
especially advantageous manner to record an absorption
spectrum of the flud.

In another preferred embodiment, the device has a second
radiation source, which emits a radiation 1n a second spectral
range along a second beam path; a second measuring
section, along which the radiation emitted by the second
radiation source passes through the fluid; and a second
detector for measuring the intensity of the radiation in the
second spectral range. The first and second beam paths are
designed 1n this case such that the Fabry-Perot interferom-
cter 1s arranged in the first and second beam paths. As a
displaceable bandpass filter, the Fabry-Perot interferometer
can transmit radiation 1n the second spectral range. Further-
more, the device has a second etalon for the spectral
modulation of the radiation, which 1s arranged 1n the second
beam path and which has a plurality of transmission maxima
in the second spectral range. In addition, the Fabry-Perot 1s
set up such that the bandpass filter formed by the Fabry-
Perot interferometer can be displaced over the second spec-
tral range such that the spectral modulation of the radiation
by the second etalon can be measured by the second detector
as a modulation over time of the intensity of the radiation.

This preferred embodiment has a second radiation source,
which emits radiation 1n a second spectral range, wherein the
second spectral range preferably comprises wavelengths
different from those of the first spectral range. For example,
the first spectral range could comprise the wavelengths
between 2 um and 6 um, preferably between 4 um and 5 um,
and the second spectral range the wavelengths between 7 um
and 15 um, preferably between 8 um and 11 um. It 1s also
concelvable that the first radiation source and the second
radiation source emit radiation over the same spectral range
and are limited to the respective spectral ranges by corre-
sponding bandpass filters only.

Furthermore, the device has a second etalon, which 1s
arranged 1n the second beam path and which modules
radiation in the second spectral range in a manner similar to
the modulation of the radiation by the first etalon in the first
spectral range. In particular, the second etalon has a plurality
of transmission maxima in the second spectral range, the
distance between which 1s greater than the bandwidth or
even the spectral resolution of the Fabry-Perot interferom-
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cter in the second spectral range. It 1s, furthermore, con-
ceivable that the second etalon 1s designed such that at least
some ol the transmission maxima of the second etalon
comprise wavelengths that are characteristic of the compo-
nents whose concentration in the fluid shall be analyzed.

The surfaces of the second etalon are preferably also not
aligned 1n parallel to the surfaces of the elements arranged
directly in front of and behind the second etalon in the
direction of radiation propagation in order to avoid addi-
tional undesired etalon effects.

This preferred embodiment has, furthermore, a second
measuring section, along which the radiation emitted by the
second radiation source passes through the fluid. It 1s con-
ceivable 1n this connection that the first and second mea-
suring sections have equal length, the length of a measuring
section being defined here as the section that the radiation
travels along the measuring section through the fluid. The
first measuring section 1s made integrally with the second
measuring section 1n a preferred embodiment, 1.¢., the first
and second measuring sections coincide or extend over the
same path through the fluid. Such a device 1s especially
advantageous because the absorption spectra in the fluid can
be measured 1 two spectral ranges 1n the same measuring
section and it 1s thus ensured that the concentration mea-
surement 1s not aflected by local differences in the concen-
tration of the components.

However, it 1s also conceivable that the first and second
measuring sections have different lengths. The latter 1s
especially advantageous if the fluid has different absorptions
in the first spectral range and 1n the second spectral range.
It 1s thus concervable, for example, that a component of the
fluid, whose concentration shall be determined, has only a
very weak absorption 1n the first spectral range. To never-
theless obtain measurable changes 1n absorption for the first
detector, a longer first measuring section 1s used. Con-
versely, it 1s also concervable that, for example, the concen-
tration of a component of the fluid that has strong absorption
at a low concentration in the second spectral range shall be
determined. The second measuring section could be selected
as a correspondingly short measuring section 1n this case, so
that changes 1n absorption that are still measurable by the
second detector will occur even at high concentrations.

The Fabry-Perot interferometer 1s arranged in the first and
second beam paths in this preferred embodiment of the
present invention. In other words, both the radiation emitted
by the first radiation source and the radiation emitted by the
second radiation source pass through the Fabry-Perot inter-
terometer, and the first and second beam paths extend 1n
parallel, nearly parallel or one above the other through the
Fabry-Perot interferometer.

It 1s thus conceivable, for example, that the first and
second beam paths reach the same beam splitter after the
radiation has passed through the respective etalon. The beam
splitter 1s arranged here, for example, such that the compo-
nent of the radiation emitted by the first radiation source,
which component 1s transmitted by the beam splitter, forms
the first beam path in the Fabry-Perot interferometer, while
the component of the radiation emitted by the second
radiation source, which component is retlected by the beam
splitter, forms the second beam path there.

The device has, moreover, a second detector, which 1s
suitable for measuring the intensity of the radiation 1n the
second spectral range after this radiation has passed through
the second measuring section and the Fabry-Perot interfer-
ometer.

Furthermore, the Fabry-Perot interferometer 1s designed
such that the distance between the mirror surfaces can be set
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such that the Fabry-Perot interferometer represents a dis-
placeable bandpass filter 1n the second spectral range. The
bandpass filter formed by the Fabry-Perot interferometer can
be displaced here over the second spectral range, preferably
continuously, such that the spectral modulation by the sec-
ond etalon 1s measured by the second detector as a modu-
lation over time of the intensity of the radiation. In other
words, the spectral modulation of the radiation by the second
ctalon 1s rendered 1into a modulation of the radiation time
with the tuming of the Fabry-Perot interferometer and the
displacement of the bandpass filter that 1s associated with 1t.

In a preferred embodiment, the Fabry-Perot interferom-
eter 1s designed such that 1t can transmit radiation in the first
and second spectral ranges simultaneously and that the
bandpass filter formed by the Fabry-Perot interferometer can
be displaced simultaneously over the first and second spec-
tral ranges such that the spectral modulation of the radiation
by the first and second etalons can be measured by the first
and second detectors as a modulation over time of the
intensity of the radiation. In other words, the distance
between the mirror surfaces of the Fabry-Perot interferom-
cter can be set such that 1t forms a bandpass 1n the first and
second spectral ranges simultaneously. The first and spectral
ranges can thus be scanned simultaneously and the absorp-
tion spectrum of the fluid can be recorded 1n both spectral
ranges 1n an especially short time, as a result of which 1t 1s
possible to measure the concentration of components 1n a
fluid whose composition changes at very short time inter-
vals.

A second lock-in amplifier 1s used 1n another preferred
embodiment to determine the absorption spectrum of the
fluid from the radiation intensities measured with the second
detector.

It 1s advantageous, furthermore, to design the first etalon
integrally with the second etalon. In other words, only one
ctalon, which has a plurality of transmission maxima 1n both
the first and second spectral ranges, 1s provided instead of
the first and second etalons. For example, it would be
possible to use a silicon water with a thickness of 100 um,
which has 35 transmission maxima in the spectral range
between 4 um and 5 um and 25 transmission maxima in the
spectral range between 8 um and 11 um. The overall size of
the device can be markedly reduced hereby.

It 1s especially preferred 1f the first etalon i1s arranged in
the first and second beam paths as a beam splitter such that
the first and second beam paths extend 1n parallel behind the
first etalon 1n the direction of radiation propagation. In other
words, the first and second etalons are replaced by a com-
mon etalon, which 1s also designed as a beam splitter at the
same time and merges the first and second beam paths such
that the Fabry-Perot interferometer, which 1s located behind
the etalon 1n the direction of radiation propagation, 1s passed
through by the radiation emitted by the first and second
radiation sources 1n parallel. Such a device 1s also especially
advantageous, because an especially compact design can be
obtained in this manner.

It 1s likewise preferred to design the first detector inte-
grally with the second detector. In other words, only one
detector, which measures the intensity of the radiation 1n
both the first and second spectral ranges, 1s provided instead
of a first detector and a second detector, as a result of which
an especially compact design of the device 1s possible.

It 1s preferred, furthermore, for the first radiation source to
be 1dentical to the second radiation source. In other words,
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first and second ranges, 1s provided instead of two radiation
sources. An especially compact design can be obtained
hereby as well.

In a preferred embodiment, the first radiation source 1s a
thermal radiator, whose intensity can be modulated over
time so fast that the relative change 1n the intensity of the
radiation 1s more pronounced in one ol the two spectral
ranges than 1n the other spectral range. If only one radiation
source 1s present and this 1s designed as a thermal radiator,
it 1s advantageous to modulate the intensity of the radiation
fast over time. If the modulation frequency 1s high enough,
the intensity modulation affects only the shorter-wave spec-
tral range, while the longer-wave spectral range of the two
spectral ranges 1s not essentially modulated. If a detector
records a superposition of the absorption spectra in the first
and second spectral ranges, this additional modulation of the
shorter-wave spectral range can be used 1 an especially
advantageous manner to separate the first and second
absorption spectra from one another.

The device may also be designed such that the absorption
of the flmd can be determined 1n additional spectral ranges.
The device has for this a radiation source, which emits
radiation 1n the spectral range along a beam path, for each
turther spectral range. A measuring section, an etalon and a
detector are arranged along each beam path, and the radia-
tion passes through the fluid along the measuring section, the
ctalon has a plurality of transmission maxima for modulat-
ing the radiation 1n the spectral range, and the detector 1s set
up to measure the intensity of the radiation in the spectral
range. The beam paths are designed in this case such that the
Fabry-Perot iterferometer 1s arranged in each beam path.
The Fabry-Perot interferometer 1s set up to transmit radia-
tion 1n each of the spectral ranges as a displaceable bandpass
filter, and the bandpass filter can be displaced over the
spectral ranges such that the spectral modulation of the
radiation by the etalon can be measured by the detectors as
a modulation over time of the intensity of the radiation. It 1s
conceilvable 1n such a device that all radiation sources, all
ctalons, all measuring sections and/or all detectors are made
integrally with one another, as a result of which a broad-
band device can be obtained 1n an especially compact design
for recording absorption spectra.

The object 1s accomplished, furthermore, by a method for
using a device according to the present invention, 1n which
the Fabry-Perot interferometer 1s tuned such that the band-
pass {lilter formed by the Fabry-Perot interferometer 1s
displaced over the first spectral range such that the spectral
modulation of the radiation by the first etalon 1s measured by
the first detector as a modulation over time of the intensity
of the radiation.

A measured signal sent by the second detector 1s com-
pared with a reference signal with the first lock-up amplifier
in a preferred embodiment for determining the absorption
spectrum 1n the first spectral range.

The reference signal needed for this can be determined 1n
vartous manners. The intensity maxima of the radiation,
which are generated by the first etalon and the Fabry-Perot
interferometer, do not, as a rule, occur at a constant time
interval. It 1s therefore impossible, as a rule, to use an
external reference signal with a constant frequency. It is,
however, conceivable to adjust the control of the Fabry-
Perot iterferometer such that the maxima of the intensity-
modulated radiation will occur at equal time intervals. It
would be possible 1n this case to use a reference signal with
constant frequency.

It 1s also possible as an alternative to record first an entire
absorption spectrum for the first spectral range and to
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transform i1t with an analyzing unit such that the intensity
maxima will be spaced equally over time. The measured
signal generated in this manner can likewise be compared
with an externally generated reference signal.

It 1s also conceivable to record first an absorption spec-
trum 1n which the first or second measuring section 1s filled
with a reference fluid of known composition or 1s evacuated,
and the measured signal sent by the detector 1n the process
1s used as a reference signal for further measurements.

If no lock-in amplifier 1s used, 1t 1s also conceivable to
determine an absorption spectrum, in which integration 1s
performed over the intensity maxima measured by the
detector. If the width of the Fabry-Perot interferometer at the
point 1n time at which an intensity maximum appears 1s
known, the wavelength that 1s transmitted with this setting
of the Fabry-Perot interferometer and thus also the wave-
length at which the respective intensity maximum occurs
can be inferred from that point in time. If integration 1s now
performed over the entire mntensity maximum, 1.€., from one
intensity minimum to the next, the relative absorption at the
wavelength can be inferred from the comparison of the value
of the integral with a reference measurement and a full
absorption spectrum can be generated in the first spectral
range, without a lock-in amplifier being necessary.

In another preferred embodiment, the Fabry-Perot inter-
terometer 1s tuned such that the bandpass filter formed by the
Fabry-Perot interferometer 1s displaced over the second
spectral range such that the spectral modulation of the
radiation by the second etalon 1s measured by the second
detector as a modulation over time of the intensity of the
radiation. It 1s, furthermore, also preferred 1n this embodi-
ment 11 a measured signal sent by the detector 1s compared
with a reference signal with the second lock-in amplifier.

Moreover, it 1s especially preferred that the Fabry-Perot
interferometer 1s tuned such that the absorption spectrum of
the fluid can be determined 1n the first and second frequency
ranges simultaneously. This embodiment 1s especially
advantageous because 1t permits an absorption spectrum of
the fluid to be recorded 1n the first and second spectral ranges
in an especially short time.

This 1s also possible especially 11 only one detector 1s used
to measure the intensity of the radiation in the first and
second spectral ranges, because the itensity modulation of
the radiation 1s carried out by a first etalon and a second
ctalon, which may also be made integrally (1.e., as one
clement). An individual detector first measures a superpo-
sition of the absorption spectra in the first and second
spectral ranges. However, since the mtensity maxima of the
radiation have diflerent distances, depending on the spectral
range, aiter passage through the etalon or etalons, the
absorption spectra can be separated alter recording in a
simple manner. This may be carried out electronically, via a
Fourier analysis or via two lock-in amplifiers, which use
reference signals characteristic of the respective spectral
range. Consequently, the frequency modulation may also be
used for a Fourier analysis of the signal sequence 1n this
connection for the lock-in method, besides the amplitude
modulation.

The present mnvention will be explained below on the
basis of drawings showing four exemplary embodiments.
The various features of novelty which characterize the
invention are pointed out with particularity in the claims
annexed to and forming a part of this disclosure. For a better
understanding of the invention, 1ts operating advantages and
specific objects attained by 1ts uses, reference 1s made to the
accompanying drawings and descriptive matter in which
preferred embodiments of the invention are illustrated.
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BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

In the drawings:

FIG. 1 1s a schematic view showing a first exemplary
embodiment of a device according to the present invention;

FIG. 2 1s a schematic view showing a second exemplary
embodiment of a device according to the present invention;

FIG. 3 1s a schematic view showing a third exemplary
embodiment of a device according to the present invention;

FIG. 4 1s a schematic view showing a fourth exemplary
embodiment of a device according to the present invention;

FIG. 5 1s a schematic view showing a fifth exemplary
embodiment of a device according to the present invention;

FIG. 6 are graphs showing aspects of a method for
determining an absorption spectrum from a measured signal
sent by a detector;

FIG. 7 1s a graph showing a transmission spectrum of an
ctalon according to the first exemplary embodiment 1n a first
spectral range;

FIG. 8 1s a graph showing a transmission spectrum of an
ctalon according to the first exemplary embodiment 1n a
second spectral range; and

FIG. 9 1s a graph showing a superposition of the trans-
mission spectra shown in FIGS. 7 and 8.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to the drawings in particular, FIG. 1 shows a
first exemplary embodiment of a device according to the
present invention, which has a first radiation source 1, a first
ctalon 3, a first measuring section 5, a Fabry-Perot interfer-
ometer 7, and a detector 9, which are arranged along a first
beam path 11. The first radiation source 1 1s a thermal
radiator (e.g., membrane radiator, helical radiator or Nernst
stick), which has a continuous spectrum, whose maximum 1s
at about 5 um, over a spectral range of 2 um to 20 um.

The etalon 3 arranged behind the radiation source 1 in the
direction of radiation propagation 1s comprised of a silicon
waler with a thickness of 100 um, which transmits radiation
in a first spectral range and in a second spectral range and
has a plurality of transmission maxima in both spectral
ranges. The calculated transmission of the etalon 3 1n the
first spectral range, which comprises the wavelengths of 4
wm to 5 um, 1s shown in FIG. 7, the abscissa 13 showing the
wavelength 1n m and the ordinate 15 showing the relative
transmission. The etalon 3 has 35 transmission maxima 17
and just as many transmission mimma 19 1n the first spectral
range. F1G. 8 shows the calculated transmission of the etalon
3 in the second spectral range, where the same reference
numbers are used for identical elements 1n all drawings. The
wavelength 1n m 1s shown 1 FIG. 8 on the abscissa 13 and
the relative transmission of the etalon 3 1s shown on the
ordinate 15. The etalon 3 has 25 transmission maxima 17
and just as many transmission mimma 19 in the second
spectral range.

A first measuring section 5, which 1s, for example, a
cuvette filled with a breathing gas, 1s arranged downstream
in the direction of radiation propagation along the first beam
path 11. The etalon 3 1s arranged such that the surface 21
pointing toward the surface of the cuvette does not extend in

parallel to this 1 order to avoid undesired etalon effects
between the cuvette and the etalon 3.

The Fabry-Perot interferometer 7, which has first and
second mirror surfaces 23, 25, wherein the first mirror
surface 23 extends in parallel to the second mirror surface 25
and points towards same, 1s arranged downstream 1n the first
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beam path 11. The distance between the mirror surfaces 23,
25 of the Fabry-Perot interferometer 7 can be set such that
the bandpass filter formed by the Fabry-Perot interferometer
7 transmits radiation 1n the first and second spectral ranges
simultaneously.

Farther downstream 1n the direction of radiation propa-

gation, a detector 9 1s arranged, which measures the intensity
ol the radiation after this has passed through the etalon 3, the
first measuring section 3 and the Fabry-Perot interferometer
7. The detector 9 may be, for example, a quantum detector
or a thermal detector, for example, a pyroelectric sensor.

To record an absorption spectrum of the gas arranged in
the first measuring section 5, the distance between the mirror
surfaces 23, 235 i1s changed continuously such that the
bandpass filter formed by the Fabry-Perot interferometer 7
scans the first and second spectral ranges stmultaneously. At
cach point 1n time, the detector 9 records an intensity of the
radiation, which can be attributed via the distance of the
mirror surfaces 23, 25 of the Fabry-Perot interferometer 7 at
this point 1n time to the wavelength that 1s transmitted by the
bandpass filter formed by the Fabry-Perot interferometer 7 at
that distance or 1t let through. The detector 9 consequently
measures a superposition of the radiation transmitted in the
first and second spectral ranges.

FIG. 9 shows a corresponding superposition of the trans-
mission spectra of the first etalon 3 1n the first and second
spectral ranges, where the upper abscissa 27 represents the
wavelength 1n the first spectral range 1n m, the lower
abscissa 29 shows the wavelength 1n the second spectral
range, and the ordinate 31 shows the relative intensity of the
radiation measured at the detector 9.

The first exemplary embodiment according to the present
invention 1s especially advantageous, because 1t provides an
especially compact device, which permits the absorption
spectrum of a fluid to be recorded simultaneously with
intensity-modified radiation 1n two spectral ranges without
macromechanical components having to be used. Such
devices require little maintenance, have a long service life
and can be manufactured at a low cost.

To obtain the absorption spectra in the first and second
spectral ranges, the measured signal 33, sent by the detector
9, must be separated. The difference of the frequencies of the
transmission maxima 17 in the first and second spectral
ranges, whose positions are, moreover, known, can be used
for this. For example, the device may have a first lock-1n
amplifier and a second lock-1n amplifier (not shown), with
which the measured signal 33 can be compared with a
reference signal suitable for each spectral range. For
example, the measured signal 33 of a reference measurement
in the respective spectral range may be used as a reference
signal here.

It 1s also possible to separate the first and second spectral
ranges by a Fourier analysis, where the difference in the
frequency of the transmission maxima in the two spectral
ranges 1s likewise used.

FIG. 2 shows a second exemplary embodiment of a device
according to the present invention, in which the sequence of
the Fabry-Perot interferometer 7 and the first measuring
section 5 1s transposed. In addition, the detector 35 1s a
broad-band photoacoustic sensor (e.g., microphone, canti-
lever, tuning fork-like crystal unit etc.), which is arranged 1n
the cuvette 37 forming the first measuring section 5. The use
of photoacoustic sensors 1s advantageous, because they
permit the detection of the absorption spectra over a broad
wavelength and dynamic range, on the one hand. On the
other hand, a signal 1s generated only 1f an absorbing fluid
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1s indeed present. Even small signals, 1.¢., only weak absorp-
tions, can therefore still be detected with good contrast.

A third exemplary embodiment 1s shown 1n FIG. 3, 1n
which a second radiation source 39 1s provided next to the
first radiation source 1. The first and second radiation
sources 1, 39 are both broad-band thermal radiators, whose
radiation 1s limited to the first and second spectral ranges by
suitable bandpass filters 41, 43. The radiation emitted by the
second radiation source 39 1s passed through the device
along a second beam path 45.

A first etalon 3 and a second etalon 47, which have a
plurality of transmission maxima in the first and second
spectral ranges, are arranged along the first and second beam
paths 11, 45 behind the bandpass filter in the direction of
propagation.

The radiations emitted by the first and second radiation
sources reach the same beam splitter 49, which 1s arranged
such that the first and second beam paths will extend
downstream with one another or even in parallel through the
first measuring section 3, which 1s made integrally with the
second measuring section (coincides with same), and
through the Fabry-Perot interferometer 7, and reach the
same detector 9.

The exemplary embodiment shown in FIG. 3 1s advanta-
geous, because the first and second radiation sources 1, 39
can be connected imndependently from one another and 1t 1s
thus possible 1n a simple manner to record absorption
spectra 1n only one of the two spectral ranges.

It 1s also possible to use etalons 3 and 47 having different
thicknesses, which permits the modulation 1n the first and
second spectral ranges to be adapted, each separately, to the
absorption spectrum of the flud.

FIG. 4 shows a fourth exemplary embodiment, which 1s a
variant of the third exemplary embodiment shown 1n FIG. 3.
Only a first etalon 3 1s used instead of a first etalon 3, a
second etalon 47 and a beam splitter 49, and this etalon 3 1s
also used as a beam splitter and as an etalon 1n the first and
second spectral ranges at the same time. The fact that an
ctalon also has the function of a bandpass filter when 1t
reflects radiation 1s utilized 1n this case. The device accord-
ing to the present invention shown in FIG. 4 1s especially
advantageous, because i1t has two independent radiation
sources and 1t nevertheless has an especially compact
design.

FIG. 5 shows a fifth exemplary embodiment, which shows
the use of a first etalon and a second etalon 3, 47 1n front of
a cuvette 37, through which a gas tlows, 1n which etalons 3,
47 the radiation passes through the gas along a first mea-
suring section 5 and a second measuring section 5', wherein
said first and second measuring sections 5, 5' have different
lengths. This configuration has the advantage that gases with
a small absorption cross section can be detected over the
longer path but gases with a large absorption cross section
can be detected over the shorter path simultaneously over a
broad concentration range.

Finally, FIG. 6 schematically shows a method for deter-
mining an absorption spectrum from a measured signal. The
wavelength 1s shown on the abscissa 51 and the transmission
of the etalon and of the Fabry-Perot interferometer 1s shown
on the ordinate 53 in the upper diagram in FIG. 6, the curve
55 drawn in broken line showing the transmission of the
ctalon and the solid curve 57 showing the transmission of the
Fabry-Perot interferometer, which i1s being displaced from
short towards long wavelengths. To determine the absorp-
tion spectrum, integration 1s performed over the intensity
maxima and imtensity minima during the recording of the
measured signal. This 1s shown schematically in the lower
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diagram in FIG. 6, in which the wavelength 1s likewise
shown on the abscissa 51 and the integrated measured signal
61 1s shown on the ordinate 59. An absorption spectrum can
be obtained from the value of the mtegral over a minimum
and a maximum, whose positions are known, from the
comparison with a reference measurement, and information
can thus be obtained on the concentration of the components
in a fluid. This method 1s especially advantageous, because
the absorption spectrum of a fluid can be determined without
the use of a lock-in amplifier being necessary.

While specific embodiments of the mvention have been
shown and described 1n detail to 1llustrate the application of
the principles of the invention, 1t will be understood that the
invention may be embodied otherwise without departing
from such principles.

The 1nvention claimed 1s:

1. A device for recording an absorption spectrum of a
fluid, the device comprising:

a radiation source, which emits radiation 1n a spectral

range along a beam path;

a first measuring section and a second measuring section,
which are arranged 1n the beam path and along which
the radiation passes through the fluid, the first measur-
ing section comprising a first length, the second mea-
suring section comprising a second length, the first
length being different from the second length;

a tunable Fabry-Perot interferometer, which 1s arranged in
the beam path and which can transmit radiation 1n the
spectral range as a displaceable bandpass filter;

a detector for measuring the radiation in the spectral
range;

a first etalon, whose optical properties with respect to a
transmitted wavelength range are not changed, for the
spectral modulation of the radiation, which 1s arranged
in the beam path and which has a plurality of trans-
mission maxima in the spectral range, wheremn the
bandpass filter, formed by the Fabry-Perot interferom-
eter, 1s displaceable over the spectral range such that the
spectral modulation of the radiation by the first etalon
1s measured by the detector as a modulation of an
intensity of the radiation over time so as to ifer a
transmitted wavelength and a wavelength of the radia-
tion, the first etalon being arranged opposite the first
measuring section;

a second etalon arranged 1n the beam path, opposite the
second measuring section, the first etalon and the
second etalon being arranged on one side of the first
measuring section and the second measuring section,
the Fabry-Perot interferometer being arranged on
another side of the first measuring section and the
second measuring section, the one side being opposite
the another side.

2. A device 1n accordance with claim 1, wherein a lock-1n
amplifier 1s provided for determining the absorption spec-
trum of the tluid from the radiation intensities measured with
the detector, wherein said transmitted wavelength and said
wavelength of the radiation are determined by an evaluation/
data processing unit, the first etalon being located at a first
distance from the Fabry-Perot interferometer, the second
ctalon being located at a second distance from the Fabry-
Perot interferometer, the second distance being less than the
first distance, the Fabry-Perot interferometer receiving
radiation from the first measuring section and the second
measuring section.

3. A device in accordance with claim 1, wherein the
radiation source 1s a first radiation source and the radiation
emitted thereby 1s along a first beam path and 1n a first
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spectral range, the first measuring section comprising a first
measuring section first end area and a first measuring section
second end area located opposite the first measuring section
first end area, the first measuring section first end area and
the first measuring section second end area defining at least
a portion of the first beam path, the detection device 1s a first
detection device, the device further comprising:

a measuring structure comprising the first measuring
section and the second measuring section

a second radiation source, which emits radiation 1 a
second spectral range along a second beam path, the
second measuring section comprising a second mea-
suring section first end area and a second measuring
section second end area located opposite the second
measuring section first end area, the second measuring
section first end area and the second measuring section
second end area defining at least a portion of the second
beam path;

a second detector for measuring the intensity of the
radiation 1n the second spectral range, the radiation
emitted by the second radiation source passing along
the second measuring section through the fluid,
arranged 1n the second beam path, wherein the first and
second beam paths are designed such that the Fabry-
Perot interferometer 1s arranged 1n the first and second
beam paths and the Fabry-Perot interferometer trans-
mits radiation in the second spectral range as a dis-
placeable bandpass filter, the second etalon being pro-
vided for the spectral modulation of the radiation,
which has a plurality of transmission maxima in the
second spectral range, wherein the Fabry-Perot inter-
ferometer 1s set up such that the bandpass filter formed
by the Fabry-Perot interferometer can be displaced over
the second spectral range such that the spectral modu-
lation of the radiation by the second etalon can be
measured by the second detector as a modulation of the
intensity of the radiation over time, each of said first
ctalon and said second etalon comprising an uncoated,
polished thin water, said water comprising one of
silicon and germanium, the first measuring section
having a first measuring section length, the second
measuring section having a second measuring section
length, the first measuring section length being greater
than the second measuring section length.

4. A device 1n accordance with claim 3, wherein:

the Fabry-Perot interferometer 1s designed such that 1t can
transmit radiation simultaneously 1n the first and sec-
ond spectral ranges;

the first measuring section, the second measuring section,
the first etalon and the second etalon being arranged
upstream of the Fabry-Perot interferometer with
respect to the beam path; and

the bandpass filter formed by the Fabry-Perot interferom-
eter can be displaced simultaneously over the first and
second spectral ranges such that the spectral modula-
tion of the radiation by the first and second etalons can
be measured by the first and second detectors as a
modulation of the intensity of the radiation over time.

5. A device 1n accordance with claim 3, wherein:

a first lock-in amplifier 1s provided for determining the
absorption spectrum of the fluid from the radiation
intensities measured with the first detector; and

a second lock-1n amplifier 1s provided for determining the
absorption spectrum of the fluid from the radiation
intensities measured with the second detector.

6. A device 1n accordance with claim 3, wherein the first

ctalon 1s made integrally with the second etalon.
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7. A device 1n accordance with claim 3, wherein the first
measuring section coincides with the second measuring
section.

8. A device 1n accordance with claim 3, further compris-
ng:

a measuring structure comprising the first measuring
section and the second measuring section, the first
ctalon and the second etalon not extending parallel to
an end surface of the measuring structure, wherein the
first detector 1s made integrally with the second detec-
tor, the first measuring section comprising a first end
surface, the second measuring section comprising a
second end surface, the first etalon comprising a first
ctalon first planar surface and a first etalon second
planar surface located opposite the first etalon first
planar surface, the first etalon first planar surface and
the first etalon second planar surface not being parallel
to the first end surface, the second etalon comprising a
second etalon first planar surface and a second etalon
second planar surface located opposite the second
ctalon first planar surface, the second etalon first planar
surface and the second etalon second planar surface not
being parallel to the second end surface.

9. A device 1n accordance with claim 8, wherein the
radiation source 1s made integrally with the second radiation
source, the first etalon being arranged adjacent to a first area
of the measuring structure, the second etalon being arranged
adjacent to a second area of the measuring structure, the first
area being located at an axially spaced location from the
second area with respect to a longitudinal axis of the
measuring structure.

10. A device 1n accordance with claim 9, wherein:
the first radiation source 1s a thermal radiator; and
the intensity of the first radiation source 1s modulated over

time such that the relative change 1n the intensity of the

radiation 1s more pronounced in one of the two spectral
ranges than in the other spectral range.

11. A device 1n accordance with claim 1, wherein the
radiation passes through the gas along the first measuring
section and the second measuring section, the first etalon
being located at a first distance from the radiation source, the
second etalon being located at a second distance from the
radiation source, the first distance being less than the second
distance, the first measuring section being integrally con-
nected to the second measuring section to define a one-piece
measuring structure, the first measuring section comprising,
a 1irst measuring section first end surface and a first mea-
suring section second end surface, the first length being
defined by the first measuring section first end surface and
the first measuring section second end surface, the second
measuring section comprising a second measuring section
first end surface and a second measuring section second end
surface, the second length being defined by the second
measuring section first end surface and the second measur-
ing section second end surface.

12. A method for recording an absorption spectrum of a
fluid 1n a spectral range, the method comprising the steps of:

providing a device comprising:

a radiation source, which emits radiation in a spectral
range along a beam path;

a lirst measuring section and a second measuring
section, arranged 1n the beam path and along which
the radiation passes through the fluid, the first mea-
suring section comprising a first length, the second
measuring section comprising a second length, the
first length being different from the second length;
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a tunable Fabry-Perot interterometer arranged in the
beam path and which can transmit radiation in the
spectral range as a displaceable bandpass filter;

a detector for measuring the radiation in the spectral
range;

a first etalon, whose optical properties with respect to
a transmitted wavelength range are not changed, for

the spectral modulation of the radiation, arranged 1n

the first beam path and which has a plurality of
transmission maxima in the first spectral range,
wherein the bandpass filter, formed by the Fabry-
Perot interferometer, 1s displaceable over the spectral
range such that the spectral modulation of the radia-
tion by the first etalon 1s measured by the detector as
a modulation of an intensity of the radiation over
time, the first etalon being arranged opposite the first
measuring section;

a second etalon arranged 1n the beam path, opposite the
second measuring section, the first etalon and the
second etalon being arranged on one side of the first
measuring section and the second measuring section,
the Fabry-Perot interferometer being arranged on
another side of the first measuring section and the
second measuring section, the one side being oppo-
site the another side;

tuning the Fabry-Perot interferometer such that the band-

pass filter formed by the Fabry-Perot interferometer 1s

displaced over the spectral range;

measuring the spectral modulation of the radiation by the

first etalon and the second etalon by the detector as a

modulation of the intensity of the radiation over time;

deriving a transmitted wavelength and a wavelength of
the radiation based on the intensity of the radiation over
time.

13. A method 1n accordance with claim 12, wherein a
measured signal 1s sent by the detector and 1s compared with
a reference signal 1n a lock-in amplifier to determine the
absorption spectrum 1in the spectral range, wherein said
transmitted wavelength and said wavelength of the radiation
are determined by an evaluation/data processing unit, the
Fabry-Perot interferometer receiving radiation from the first
measuring section and the second measuring section.

14. A method 1n accordance with claim 12, further com-
prising the steps of:

providing a measuring structure comprising the first mea-

suring section and the second measuring section;

providing the radiation source as a first radiation source

with the beam path being a first beam path and 1n a first
spectral range and the detection device being a first
detection device, the first measuring section comprising
a first measuring section first end areca and a first
measuring section second end area located opposite the
first measuring section first end area, the first measur-
ing section first end area and the first measuring section
second end area defining at least a portion of the first
beam path;

providing a second radiation source, which emits radia-

tion 1n a second spectral range along a second beam

path, the second measuring section comprising a sec-
ond measuring section first end area and a second
measuring section second end area located opposite the
second measuring section first end area, the second
measuring section first end area and the second mea-

suring section second end area defining at least a

portion of the second beam path;

providing a second detector for measuring the intensity of

the radiation 1n the second spectral range, the radiation
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emitted by the second radiation source passing along
the second measuring section through the fluid,
arranged 1n the second beam path wherein the first and
second beam paths are designed such that the Fabry-
Perot interferometer 1s arranged 1n the first and second
beam paths and the Fabry-Perot interferometer trans-
mits radiation 1n the second spectral range as a dis-
placeable bandpass filter, the second etalon being pro-
vided for the spectral modulation of the radiation,
which 1s arranged 1n the second beam path and which
has a plurality of transmission maxima in the second
spectral range, wherein the Fabry-Perot interferometer
1s set up such that the bandpass filter formed by the
Fabry-Perot mterterometer can be displaced over the
second spectral range such that the spectral modulation
of the radiation by the second etalon can be measured
by the second detector as a modulation of the intensity
of the radiation over time, each of said first etalon and
said second etalon comprising an uncoated, polished
thin watfer, said waler comprising one of silicon and
germanium, the first measuring section having a {first
measuring section length, the second measuring section
having a second measuring section length, the first
measuring section length being greater than the second
measuring section length;

tuning the Fabry-Perot interferometer such that the band-
pass filter formed by the Fabry-Perot interferometer 1s
displaced over the second spectral range; and

measuring the spectral modulation of the radiation by the
second etalon by the second detector as a modulation of
the 1ntensity of the radiation over time.

15. A method 1n accordance with claim 14, wherein:

a first lock-in amplifier 1s provided for determining the
absorption spectrum of the fluid from the radiation
intensities measured with the first detector; and

a measured signal sent by the second detector 1s compared
with a reference signal with a second lock-1n amplifier
to determine the absorption spectrum in the second
spectral range.

16. A method 1n accordance with claim 14, wherein the

Fabry-Perot interferometer 1s tuned such that the absorption
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spectrum of the fluid can be determined simultaneously 1n
the first and second frequency ranges, the first measuring
section, the second measuring section, the first etalon and
the second etalon being arranged upstream of the Fabry-
Perot interferometer with respect to the beam path.

17. A method 1n accordance with claim 14 wherein the
first etalon 1s made 1ntegrally with the second etalon.

18. A method 1n accordance with claim 14, wherein the
first measuring section coincides with the second measuring
section.

19. A method 1n accordance with claim 14, further com-
prising;:

a measuring structure comprising the first measuring
section and the second measuring section, the first
ctalon and the second etalon not extending parallel to
an end surface of the measuring structure, wherein the
first detector 1s made integrally with the second detec-
tor, the first measuring section comprising a first end
surface, the second measuring section comprising a
second end surface, the first etalon comprising a first
ctalon first planar surface and a first etalon second
planar surface located opposite the first etalon first
planar surface, the first etalon first planar surface and
the first etalon second planar surface not being parallel
to the first end surface, the second etalon comprising a
second etalon first planar surface and a second etalon
second planar surface located opposite the second
ctalon first planar surface, the second etalon first planar
surface and the second etalon second planar surface not
being parallel to the second end surface.

20. A method 1n accordance with claim 19, wherein the

first radiation source 1s made integrally with the second

radiation source, the first etalon being arranged adjacent to
a first area of the measuring structure, the second etalon
being arranged adjacent to a second area of the measuring
structure, the first area being located at an axially spaced
location from the second area with respect to a longitudinal
axis of the measuring structure.
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